Abstract. Oridonin (ORI) has been reported as an antiproliferation and apoptosis-inducing natural product in various cancer cells. However, the exact molecular mechanism underlying these effects remains unclear. In the present study, we demonstrated the antiproliferation effect of ORI in HCT116 cells, and analyzed the possible molecular mechanism which mediates this effect. We found that ORI inhibits proliferation, induces cell cycle arrest and apoptosis in HCT116 cells, thus also tumor growth. Mechanically, we found that ORI has no substantial effect on mRNA expression of phosphatase and tensin homologue (PTEN), but increases the total protein level of PTEN and markedly reduces the phosphorylation of PTEN; Exogenous expression of PTEN potentiates the anticancer effect of ORI, while knockdown of PTEN attenuates it. ORI also increases the phosphorylation of p38 MAPK, and p38 MAPK-specific inhibitor reduces the antiproliferation effect ORI in HCT116 cells. Moreover, inhibition of p38 MAPK increases the phosphorylation of PTEN, and reverses ORI-induced decrease of PTEN phosphorylation. Our findings suggested that ORI may be a potential anticancer drug for colon cancer, this effect may be mediated by enhancing the function of PTEN through reducing its phosphorylation, which may be resulted from the ORI-induced activation of p38 MAPK.
Introduction
Colon cancer is one of the leading malignancies in the digestive system, and in cancer-related mortality. The current treatment for colon cancer includes surgery, radiotherapy, chemotherapy and targeted therapy alone, or combination. The treatment regimens for the late stage of colon cancer include chemotherapy drugs, such as capecitabine, fluorouracil, irinotecan, oxaliplatin and tegafur (1) or targeted therapy drugs, such as bevacizumab, cetuximab and panitumumab (2) . Although the treatment for colon cancer has been developed greatly, the prognosis remains unsatisfactory (3, 4) . Thus, there is still a great clinical need to develop drugs for colon cancer treatment, particularly for the late stage of colon cancer.
Traditional herb medicine or herbal derived components have played an increasingly important role in the prevention and treatment of cancers, such as camptothecin, vincristine and taxol (5, 6) . In particular, the combination of these medicines with traditional chemotherapy drugs has substantially improved the prognosis of some cancers. Oridonin (ORI), a diterpenoid extracted from Chinese herb Rabdosia rubescens and/or related species, has attracted increasing attention in the last decades for cancer biologists because of its notable anticancer activity. It has been reported that ORI can induce apoptosis in various cancer cell lines, such as colon cancer cells (7) , lymphoma cells (8) , breast cancer cells (9) and leukemia cells (10) , and this activity may be mediated by inactivating PI3K/Akt and extracellular signal-regulated kinase (ERK), activating p38 mitogen-activated protein kinases (MAPKs), and increasing hydrogen peroxide (11) (12) (13) (14) . Although substantial evidence supports that ORI can inhibit the proliferation of colon cancer, the precise mechanism underlying this process remains unclear.
In the present study, we investigated the proliferation inhibitory effect of ORI in human colon cells, and dissected the possible mechanism underlying this effect. Our findings confirmed that ORI can inhibit the proliferation of colon cancer cells and demonstrated that this activity may be mediated by upregulating phosphatase and tensin homologue (PTEN) through at least partly activating p38 MAPK. Western blot assay. Sub-confluent HCT116 cells were seeded in 6-well plate and treated with different concentrations of ORI or DMSO. At the scheduled time points, cells were washed with cold PBS and lysed with 300 µl lysis buffer. Cell lysates were boiled for 10 min, then subjected to SDS-PAGE separation and transfered to polyvinylidene fluoride (PVDF) membranes. The membranes were blotted with corresponding primary antibodies, followed by incubating with HRP-conjugated second antibodies. The target proteins were developed with the SuperSignal West Pico Substrate (Pierce, Rockford, IL, uSA). Each assay was carried out in triplicate.
Materials and methods

Chemicals
Reverse transcription and polymerase chain reaction analysis (RT-PCR).
Cells were seeded in T25 flasks and treated with different concentrations of ORI or DMSO. At the corresponding time points, total RNA was extracted with TRIzol reagents (Invitrogen, Carlsbad, CA, uSA) and subjected to RT reaction for cDNA templates. Then, the cDNAs were used for detecting the expression level of target genes by PCR. The primer sequences are available upon request. Each assay was carried out in triplicate.
Xenograft tumor model of human colon cancer. The animal experiment was approved by the Institutional Animal Care and use Committee (IACuC) of Chongqing Medical university. Athymic nude mice (female, 4-6 weeks old) were from the animal centre of Chongqing Medical university (Chongqing, China). Cells were harvested and resuspended in cold PBS to 2x10 7 cells/ml. Cells in 50 µl of cold PBS were injected into the flank of athymic mice (16) . One week after injection, animals were treated with different dose of ORI (50 or 100 mg/kg) or solvent by intragastric administration, once a day. Four weeks after injection, all animals were sacrificed and the tumors were harvested for histological evaluation.
Histological evaluation and immunohistochemical staining.
Retrieved tumor masses were fixed with 10% formalin and embedded with paraffin. Serial sections were stained with hematoxylin and eosin (H&E). For immunohistochemical staining, slides were deparaffinized and rehydrated in a graduated fashion, then subjected to antigen retrieval and probed with PTEN antibody or isotype IgG as control. Finally, incubated with biotinylated secondary antibodies and streptavidin conjugated horseradish peroxidase. PTEN was visualized with DAB staining and imaged under a microscope.
Statistical analysis.
The results of all experiments are expressed as the mean ± standard deviation (SD) of at least three independent tests. A Student's t-test was used for single-variable comparisons, and a p-value <0.05 was considered statistically significant.
Results
ORI inhibits the proliferation of HCT116 cells.
We explored the antiproliferation effect of ORI on HCT116 cells to validate whether ORI could be used as chemotherapeutic agent for human colon cancer. The results of crystal violet staining showed that ORI effectively inhibits the proliferation of HCT116 cells time-and concentration-dependently ( Fig. 1A and B) . Cell cycle analysis results showed that ORI induces cell cycle arrest apparently at S phase in HCT116 cells (Fig. 1C) . Western blot assay showed that ORI also significantly suppresses the expression of proliferating cell nuclear antigen (PCNA) (Fig. 1D) . These data suggested ORI is capable of inhibiting proliferation in HCT116 cells.
ORI induces apoptosis in HCT116 cells. We next tested whether ORI could induce HCT116 cells to undergo apoptosis. HCT116 cells were treated with different concentrations of ORI or DMSO for 24 or 48 h. Then, cells were subjected with flow cytometry or western blot analyses. The results showed that ORI increases the apoptotic cell rate concentration-dependently ( Fig. 2A) . Western blot analysis showed that ORI substantially increases the level of Bad and reduces the level of Bcl-2 in HCT116 cells (Fig. 2B) . These results indicated that ORI is a potent apoptosis inducer for colon cancer cells.
ORI inhibits tumor growth in an ectopic human cancer model.
We next investigated the in vivo anticancer activity of ORI with a well-established xenograft colon cancer model (17) . We injected HCT116 cells subcutaneously into the flanks of athymic nude mice. One week after injection, the mice were treated with different doses of ORI (50 or 100 mg/kg) through intragastric administration, once a day up to 4 weeks. Suspension of 0.4% CMC-Na were administrated as control. The results showed that tumor masses of ORI treated group are smaller than those of the control group, and ORI inhibits the tumor growth dose dependently (Fig. 3A) . H&E staining results showed that more necrotic cells were found in ORI treated group, comparing with the solvent group (Fig. 3B) . These in vivo results further demonstrated that ORI may be a potential anticancer reagent for colon cancer treatment. ORI upregulates PTEN in HCT116 cells. Cell proliferation is well-regulated by various signalings or growth factors.
using western blot assay, we found that ORI can reduce the phosphorylation of Akt1/2 (Fig. 4A) , which suggested that the PI3K/Akt signaling was inhibited by ORI in HCT116 cells. PTEN, as a tumor suppressor, can negatively regulate PI3K/ Akt signaling. For this reason, we speculated that the inhibition of PI3K/Akt signaling may be contributed to PTEN upregulation by ORI in HCT116 cells. However, with PCR assay, we found ORI exerts no substantial effect on the mRNA level of PTEN in HCT116 cells (Fig. 4B) . Further results showed that ORI can markedly increase the protein level of PTEN and decrease the phosphorylation of PTEN, concentrationand time-dependently (Fig. 4C) . The immunohistochemical staining results showed that PTEN is upregulated also in colon cancer dose-dependently (Fig. 4D) . These results suggested that the antiproliferation effect of ORI in colon cancer cells may be associated with PTEN upregulation.
PTEN partly mediates the antiproliferation effect of ORI in HCT116 cells.
We next investigated the role of PTEN in the antiproliferation effect ORI in colon cancer cells. We constructed recombinant adenoviruses of PTEN and siRNA fragments for PTEN. Western blot results showed that all the recombinant adenoviruses exert their function well (Fig. 5A) . The crystal violet staining analysis showed that exogenous expression of PTEN substantially enhances the antiproliferation of ORI, while knockdown of PTEN reduces this effect of ORI in HCT116 cells (Fig. 5B) . The flow cytometry assay results showed that exogenous expression of PTEN increases the apoptotic cell rate induced by ORI in HCT116 cells. On the contrary, PTEN knockdown reduces ORI-induced apoptosis (Fig. 5C) . The H&E staining results showed that the anticancer effect of ORI was enhanced by exogenous expression of PTEN, but decreased by PTEN knockdown (Fig. 5D) . These data suggested that the anticancer effect of ORI may be partly mediated by PTEN upregulation.
ORI upregulates PTEN by activating p38 MAPK in HCT116 cells. Although PTEN can partly mediate the antiproliferation of ORI in HCT116, the mechanism of how ORI upregulates PTEN remains unknown. With further analysis, we found that ORI increases the phosphorylation of p38 MAPK, concentration-dependently (Fig. 6A) , increases the level of PTEN, but decreases the phosphorylation of PTEN; p38 MAPK inhibitor shows no substantial effect on the level of PTEN, but obviously increases its phosphorylation. When ORI was combined with p38 MAPK inhibitor, the level of p-PTEN was clearly increased, although no substantial effect on the level of PTEN was observed (Fig. 6B) . Crystal violet staining analysis results showed that p38 MAPK inhibitor partly reverses the antiproliferation effect of ORI in HCT116 cells (Fig. 6C) , which is similar with the effect of PTEN knockdown on the antiproliferation effect of ORI (Fig. 5B) . These data suggested that ORI-induced upregulation of PTEN may be resulted from activating p38 MAPK, which may block the phosphorylation of PTEN in colon cancer cells.
Discussion
In the present study, we demonstrated that ORI can be used as a potential antiproliferation drug for colon cancer cells. Mechanistically, we found that the anticancer effect of ORI may be partly mediated by upregulating PTEN through activating p38 MAPK to reduce PTEN phosphorylation.
ORI has been used as a drug for antitumor, anti-microbial, anti-inflammatory and antioxidant for many years (18) . It has been reported that ORI can inhibit proliferation and induce apoptosis in various cancer cells, such as breast, pancreatic, lung, gastric and prostate cancer (8, (19) (20) (21) (22) (23) , as well as induce apoptosis and senescence in colon cancer cells (12, 24) . Our data also confirmed that ORI can inhibit proliferation and induce apoptosis in HCT116 cells concentration-dependently, as well as inhibit the tumor growth of colon cancer. Therefore, ORI may be a promising natural product as chemotherapy drug for colon cancer treatment. As reported, ORI is a multitarget natural product (18) , and the anticancer effect of ORI may be mediated by upregulating p53 and p21, decreasing Bcl-2 and epidermal growth factor receptor, inhibiting Wnt/β-catenin and PI3K/Akt signaling (25) (26) (27) (28) (29) . Although the anticancer activity of ORI in colon cancer may also be associated with upregulating p21 and inhibiting Wnt/β-catenin signaling (12, 24) , the precise mechanism underlying this process remains unclear.
PI3K/Akt signal is an essential pathway regulating proliferation, apoptosis and survival. It has been targeted for many anticancer drugs (29) (30) (31) . PI3K/Akt signaling can be negatively regulated by PTEN, another important tumor suppressor. The mutation and/or function loss of PTEN will lead to PI3K/Akt signaling over-activation and uncontrolled proliferation. Hence, PTEN is an important target for cancer control, and some promising chemotherapy drugs have been used to target PTEN (32) . In the present study, we found that ORI can reduce p-Akt1/2 (Fig. 4A) , which suggested that the anticancer activity of ORI in colon cancer cells may result from inactivating PI3K/Akt signaling. Although PTEN is one of the major negative regulators for PI3K/Akt signaling, we found ORI exerts no significant change on the mRNA level of PTEN. Further analysis indicated that ORI can substantially increase the protein level of PTEN and reduce the level of p-PTEN. Thus, our data indicated that the anticancer activity of ORI in colon cancer may be mediated by inactivating PI3K/Akt signaling through upregulating PTEN, which may be the result of decreasing the phosphorylation of PTEN.
PTEN acts as a lipid phosphatase to catalyse PIP3 dephosphorylation resulting in the production of PIP2. One of its main physiological function is to negatively regulate PI3K/Akt signaling (33) . For colon cancer, the reduction or mutation of PTEN plays an essential role at the early stage of sporadic colorectal carcinogenesis (34) , and the highly expressed PTEN is also associated with the chemosensitivity of colon cancer (35) . Therefore, PTEN may be a potential therapeutical target for colon cancer treatment. PTEN is well regulated by various mechanisms, such as transcriptional regulation and post-transcriptional regulation, and phosphorylation (36) . However, the detail of each regulation process still need to be fully unveiled. Our results showed that ORI may increase the level of PTEN by reducing its phosphorylation (Fig. 4C) . p38 MAPK is a critical mediator for signaling transduction, which responds to a wide range of extracellular stresses such as uV radiation, hypoxia and oxidative stress (37) . It has been reported that the activation of p38 MAPK mediates the anticancer activity of ORI in breast cancer (38) . Our previous study indicated that bone morphogenetic protein 9 (BMP9), the most potent osteogenic protein, can activate p38 MAPK and downregulates PTEN in mesenchymal stem cells (39) . However, the relationship between p38 MAPK and PTEN in cancer remains unknown. Thus, we hypothesized that p38 MAPK may interact with PTEN directly or indirectly in cancer. using western blot assay, we found that ORI can activate p38 MAPK in HCT116 cells, as well as upregulate PTEN (Fig. 6A) . With further analysis, we found that ORI can reduce the level of p-PTEN, which can be partly reversed by p38 MAPK inhibitor (Fig. 6B) . Inhibition of p38 MAPK can partly reverse the antiproliferation effect of ORI in HCT116 cells (Fig. 6C) . These results indicated that upregulation of PTEN and activation of p38 MAPK are both involved in the antiproliferation effect of ORI in HCT116 cells. Therefore, our data strongly suggested that ORI-induced upregulation of PTEN may be the result of reducing the phosphorylation of PTEN, which may be mediated by the ORI-induced activation of p38 MAPK.
In summary, we demonstrated that ORI can be used as an effective chemotherapy drug for human colon cancer. The anticancer activity of ORI in colon cancer may be mediated by increasing the level of PTEN, which may result from the ORI-induced activation of p38 MAPK. Future studies should be carried out to investigate the possible molecular mechanism of ORI on the activation of p38 MAPK, and decipher the possible interaction between p38 MAPK and PTEN phosphorylation in colon cancer cells.
